12 United States Patent

Ito et al.

US007943718B2

US 7,943,718 B2
May 17, 2011

(10) Patent No.:
45) Date of Patent:

(54) HYDROPHOBIC MODIFIED
POLYROTAXANE AND CROSSLINKED

POLYROTAXANE

(75) Inventors: Kohzo Ito, Tokyo (JP); Jun Araki,
Tokyo (JP); Tatsuya Suzuki, Ischara
(JP); Masahiko Yamanaka, Ischara (JP);
Kentarou Watanabe, Atsugi (JP)

(73) Assignee: Nissan Motor Co., Litd., Tokyo (IP)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 339 days.

(21)  Appl. No.: 12/065,457

(22) PCTFiled:  Aug. 23,2006

(86) PCT No.: PCT/JP2006/316457

§ 371 (e)(1),

(2), (4) Date:  Feb. 29, 2008

(87) PCT Pub. No.: WQO2007/026578
PCT Pub. Date: Mar. 8, 2007

(65) Prior Publication Data
US 2009/0281213 Al Nov. 12, 2009
(30) Foreign Application Priority Data
Aug. 31,2005  (JP) oo, 2005 251508
Sep. 29,2005 (JP) i, 2005 284925
(51) Imt. CL.
CO8I 251/00 (2006.01)
CO8B 31/00 (2006.01)
CO8G 63/48 (2006.01)
CO8G 63/91 (2006.01)
(52) US.CL e, 527/300; 525/54.31

(38) Field of Classification Search .................... 528/48;
527/300; 525/54.31

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,538,655 A 7/1996 Fauteux et al.

5,855,900 A * 1/1999 Nobuhiko ..................... 424/425

6,037,387 A 3/2000 Yui et al.

6,068,831 A 5/2000 Platzek et al.

6,242,430 B1* 6/2001 Suzukietal. ................... 514/58

6,527,887 B1* 3/2003 Ruebneretal. ............... 149/108
(Continued)

FOREIGN PATENT DOCUMENTS
CN 1090202 C 9/2002
(Continued)

OTHER PUBLICATIONS
Machine Translation of JP 2005-143920 2010.*

(Continued)

Primary Examiner — Mark Eashoo

Assistant Examiner — Liam J Heincer
(74) Attorney, Agent, or Firm — Foley & Lardner LLP

(57) ABSTRACT

To provide a hydrophobic modified polyrotaxane soluble 1n
an organic solvent, and a crosslinked polyrotaxane using this.
A hydrophobic modified polyrotaxane has a cyclic molecule,
a linear molecule including the cyclic molecule with piercing
through the cyclic molecule, and blocking groups which are
placed at both end terminals of the linear molecule to prevent
the cyclic molecule from leaving from the linear molecule.
The cyclic molecule 1s cyclodextrin, and each of all or a part
of the hydroxyl groups 1n the cyclodextrin 1s modified with a
hydrophobic modification group.

A crosslinked polyrotaxane 1s formed by combining this
hydrophobic modified polyrotaxane and a polymer through
the cyclic molecule.
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HYDROPHOBIC MODIFIED
POLYROTAXANE AND CROSSLINKED
POLYROTAXANE

TECHNICAL FIELD

This invention relates to a hydrophobic modified polyro-
taxane and a crosslinked polyrotaxane, and more particularly
relates to a hydrophobic modified polyrotaxane in which a
cyclic molecule 1s cyclodextrin and at least a part of hydroxyl
groups ol the cyclodextrin 1s modified with a hydrophobic
modification group, and a crosslinked polyrotaxane using the
hydrophobic modified polyrotaxane.

BACKGROUND ART

Hitherto, gel matenals are extensively used for articles of
tood, medical products, living goods, industrial products and
the like. Although a variety of kinds of polymer compounds
are used for these, only two kinds of physical gel and chemi-
cal gel exist from the viewpoint of structure.

Physical gel 1s a gel usually appeared 1n natural world, such
as gelatin or agar-agar. Additionally, a greater part of the
tissue of a living body 1s occupied with a variety of physical
gels.

Such physical gel constitutes a network under a physical
attraction action acted between polymers, and therefore it 1s
low 1n stability against temperature and solvent.

To the contrary, chemical gel 1s a huge single molecule in
which direct bondings with covalent bonds are made in the
whole network, and therefore 1t 1s excellent 1n stability
against temperature and solvent so as to be industrially used
in various fields.

However, 1n chemical gel, a crosslinking point 1s fixed, and
therefore an inhomogeneous structure formed by a crosslink-
ing reaction 1s permanently kept so that it has the defect of
being remarkably low 1n mechanical strength.

Against this, 1n recent years, a proposition with a new
method has been made for a new gel, namely, “slide-ring gel
or topological gel” which cannot be classified into both physi-
cal gel and chemical gel. Polyrotaxane 1s used for such slide-
ring gel.

In this polyrotaxane, a linear molecule (axis) includes a
cyclic molecule (rotator) with piercing through the opening
of the cyclic molecule, and blocking groups are placed at the
both end terminals of the linear molecule to prevent the cyclic
molecule from leaving from the linear molecule. Disclosure
1s made for a crosslinked polyrotaxane which 1s formed by
crosslinking a plurality of such polyrotaxanes with each other
and applicable to the slide-ring gel (See patent literature 1).
Patent literature 1: Japanese Patent No. 3475252 publication

In this crosslinked polyrotaxane, the cyclic molecule
pierced with the linear molecule 1s movable along the liner
molecule (by a pulley efifect) so that the crosslinked polyro-
taxane has a viscoelasticy. Accordingly, 1f a tension 1s applied
to the crosslinked polyrotaxane, the tension 1s uniformly dis-
persed under this pulley effect, and therefore it has the excel-
lent characteristics of being difficult to cause crack or flaw,
differently from a conventional crosslinked polymer.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

However, in such conventional polyrotaxane, cyclodextrin
constituting the cyclic molecule has many hydroxyl groups
and therefore 1s almost insoluble 1n an organic solvent.
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Further, such hydroxyl groups are bonded to glucose rings
and therefore high 1n steric hindrance so as to be low 1n
reactivity.

In view of this, an application range of polyrotaxane 1s
liable to be narrow, 1n which there 1s such a problem that an
application thereot to paint, adhesive and the like requiring a
particular durability 1s difficult.

The present invention 1s made 1n view of the problems of
such conventional techniques, and an object thereof 1s to
provide a hydrophobic modified polyrotaxane which 1s
soluble 1n an organic solvent, and a crosslinked polyrotaxane
using the hydrophobic modified polyrotaxane.

Means for Solving Problems

The present inventors have reached the present imvention
upon finding to attain the above object by modifying each of
all or some of the hydroxyl groups in the cyclodextrin con-
stituting the cyclic molecule with a hydrophobic modification
group, as a result of eager studies 1n order to attain the above
object.

In other words, a hydrophobic modified polyrotaxane of
the present invention 1s characterized by comprising a cyclic
molecule, a linear molecule 1including the cyclic molecule
with piercing through the cyclic molecule, and blocking
groups which are placed at both end terminals of the linear
molecule to prevent the cyclic molecule from leaving from
the linear molecule, in which the cyclic molecule 1s cyclo-
dextrin, and each of all or some of the hydroxyl groups 1n the
cyclodextrin 1s modified with a hydrophobic modification
group.

Additionally, a preferred embodiment of the hydrophobic
modified polyrotaxane of the present invention 1s character-
1zed 1 that the linear molecule 1s polyethylene glycol.

Further, a production method of the hydrophobic modified
polyrotaxane of the present invention 1s characterized by
comprising, 1 order to produce the hydrophobic modified
polyrotaxane, (1) mixing cyclodextrin and a linear molecule
so as to cause the linear molecule to include cyclodextrin with
piecing through the opeming section of cyclodextrin, (2)
blocking the both end terminals of the linear molecule, serv-
ing as the both end terminals of an obtained pseudo-polyro-
taxane, with blocking groups so as to make adjustment to
prevent the cyclic molecule from releasing from a piercing,
condition, and (3) modifying hydroxyl group of cyclodextrin
of the polyrotaxane with a hydrophobic modification group.

On the one hand, a crosslinked polyrotaxane of the present
invention 1s characterized by combining the hydrophobic
modified polyrotaxane as mentioned above and a polymer
through the above-mentioned cyclic molecule.

Eftects of the Invention

According to the present invention, for example, each of all
or some of the hydroxyl groups 1n the cyclodextrin constitut-
ing the cyclic molecule 1s, for example, modified with the
hydrophobic modification group, and therefore 1t 1s possible
to provide the hydrophobic modified polyrotaxane which 1s
soluble 1n an organic solvent, a crosslinked polyrotaxane
using the hydrophobic modified polyrotaxane.

THE BEST MODE FOR CARRYING OUT THE
INVENTION

Heremnafiter, the hydrophobic modified polyrotaxane of the
present invention will be discussed in detail. In the specifica-
tion of the present application, “%” represents % by mass
unless otherwise specified.
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As discussed above, the hydrophobic modified polyrotax-
ane of the present invention includes the cyclic molecule, and
the linear molecule having the blocking groups at 1ts both end
terminals.

Additionally, the linear molecule includes the cyclic mol-
ecule with piercing through the opening section of the cyclic
molecule. Further, the blocking groups placed at both end
terminals of the linear molecule prevents the mncluded cyclic
molecule from leaving from the linear molecule. Further-
more, the cyclic molecule 1s constituted with cyclodextrin,
and each of all or some of the hydroxyl groups in the cyclo-
dextrin 1s modified with the hydrophobic modification group.

With such a configuration, the hydrophobic modified poly-
rotaxane 1s soluble 1n an organic solvent.

Such generation of the solubility in the organic solvent
provides a reaction field, typically the crosslinking field, of
the organic solvent to polyrotaxane which 1s hitherto almost
insoluble or insoluble 1n water or the water-like solvent. In
other words, the hydrophobic modified polyrotaxane of the
present invention 1s improved 1n reactivity so that crosslink-
ing with other polymers and modification with a modification
group can be readily accomplished 1n presence of the organic
solvent.

Additionally, 1n the present imvention, a modification
degree of the cyclodextrin with the hydrophobic modification
group 1s preferably not less than 0.02, more preferably not
less than 0.05 and furthermore preferably not less than 0.1 on
the assumption that the maximum number of modifiable
hydroxyl groups of the cyclodextrin 1s 1.

If 1t 1s less than 0.02, the solubility 1n the organic solvent 1s
insuificient so that insoluble seed may be produced.

Additionally, the maximum number of the modifiable
hydroxyl groups of the cyclodextrin 1s, 1n other words, the
number of all hydroxyl groups which the cyclodextrin have
had before the modification.

Further, the modification degree 1s, 1n other words, a ratio
of the number of the modified hydroxyl groups to the number
of all hydroxyl groups.

In case that the hydrophobic modified polyrotaxane has
many cyclodextrins, 1t 1s not required that each of all or some
of hydroxyl groups 1s modified with the hydrophobic modi-
fication group in each of all the cyclodexrins.

Further, in the present invention, concrete examples of
cyclodextrin are, for example, a.-cyclodextrin (the number of
glucose: 6), p-cyclodextrin (the number of glucose: 7), v-cy-
clodextrin (the number of glucose: 8), dimethylcyclodextrin,
glucocylcyclodextrin, and dermvatives and modified com-
pounds of these.

One kind of the above-mentioned cyclodextrins can be
singly used, or not less than two kinds of them are used 1n
combination.

As such cyclodextrin, a-cyclodextrin, 3-cyclodextrin and
v-cyclodextrin are particularly preferable, 1n which a-cyclo-
dextrin 1s preferable from the viewpoint of the characteristics
of being 1included.

Additionally, in the present invention, if each of all or some
of the hydroxyl groups in the cyclodextrin 1s modified with
the hydrophobic modification group, the hydrophobic modi-
fied polyrotaxane becomes soluble 1n the organic solvent.
However, it 1s preferable from the viewpoint of solubility 1n
the organic solvent, that each of all or some of the hydropho-
bic modification groups 1n the cyclodextrin has at least hydro-
phobic group so that the hydrophobic modified polyrotaxane
1s hydrophobic.

If the hydrophobic modified polyrotaxane 1s hydrophobic,
cach of all or some of the hydrophobic modification groups
may have a hydrophilic group.
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Additionally, if a solubility improving effect of the hydro-
phobic modified polyrotaxane 1n the organic solvent 1s not so
lowered, the hydrophobic modification group may be a poly-
mer, 1n which the polymer preferably has, for example, a
molecular weight of about several thousands from the view-
point of solubility.

In the hydrophobic modified polyrotaxane of the present
invention, the cyclodextrin constituting the cyclic molecule
has the hydrophobic modification group 1n each of all or some
of the hydroxyl groups 1n the cyclodextrin, so that the hydro-
phobic modified polyrotaxane can become soluble in the
organic solvent even in case that the linear molecule dis-
cussed after does not have a hydrophylicity.

Further, 1n the present invention, concrete examples of the
hydrophobic group are, for example, alkyl group, benzyl
group, benzene derivative-containing group, acyl group, silyl
group, trityl group, tosyl group, urethane linkage, ester link-
age, ether linkage and the like; however, the hydrophobic
group 1s not limited to these.

In the hydrophobic modified polyrotaxane of the present
invention, the above-mentioned hydrophobic group may be
used singly with one kind or 1n combination of not less than
two kinds.

In the present invention, 1t 1s preferable from the viewpoint
of improving the reactivity with other polymers, that each of
all or some of the hydrophobic modification groups has a
functional group.

It 1s preferable that such a functional group 1s sterically
placed outside of the cyclodextrin, in which reaction of bond-
ing or cross-liking of the hydrophobic modified polyrotaxane
with polymer can be readily carried out with this functional
group.

Such a functional group may be suitably changed, for
example, 1n accordance with kinds of solvent to be used 1n
case that no crosslinking agent 1s used. However, such a
functional group may be suitably changed in accordance with
kinds of crosslinking agent in case that crosslinking agent 1s
used.

Further, 1n the present invention, concrete examples of the
functional group are, for example, hydroxyl group, carboxyl
group, amino group, €poxy group, i1socyanate group, thiol
group, aldehyde group and the like, in which the functional
group 1s not limited to these.

In the hydrophobic modified polyrotaxane of the present
invention, the above-mentioned functional group may be
used singly with one kind thereof or in combination of not less
than two kinds thereof.

Such functional group 1s particularly a residue group of a
compound combined with the hydroxyl groups of the cyclo-
dextrin, and the residue group preferably has hydroxyl group,
carboxyl group, amino group, epoxy group and/or 1socyanate
group, in which hydroxyl group 1s preferable from the view-
point of variety of reactions.

A compound forming such a functional group 1s, for
example, polycaprolactone; however, the compound 1s not
limited to this.

For example, the compound forming the functional group
may be a polymer 1f the solubility improving effect of the
hydrophobic modified polyrotaxane 1n the organic solvent 1s
not so lowered, in which the polymer preferably has a
molecular weight of, for example, several thousands from the
viewpoint of solubility.

The above-mentioned functional group 1s preferably a
group which can make a reaction 1n a condition where the
blocking groups discussed aiter cannot leave.

The linear molecule may substantially have a straight chain
and may have a branched chain as far as the linear molecule
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can mclude the cyclodextrin constituting the cyclic molecule
as the rotator in such a manner that the cyclodextrin is rotat-
able and can exhibit the pulley etlect.

Additionally, the length of the linear molecule 1s not lim-
ited to a particular one as far as the cyclic molecule can exhibit
the pulley efiect, though 1t 1s influenced by the magnitude of
the cyclodextrin constituting the cyclic molecule.

The linear molecule preferably has reactive groups at its
both end terminals, by which the linear molecule can be
readily reacted with the above-mentioned blocking groups.

Such reactive group may be suitably changed in accor-
dance with kinds of the blocking group to be used, 1n which
examples of the reactive group are hydroxyl group, carboxyl
group, amino group, thiol group and the like.

Additionally 1n the present invention, the number (an inclu-
sion amount) of the cyclic molecules included by the linear
molecule 1s preferably within a range of 0.06 to 0.61, more
preferably within a range of from 0.11 to 0.48, and further-
more preferably within a range of from 0.24 to 0.41 on the
assumption that the maximum inclusion amount 1s 1, in case
that the cyclic molecule 1s the cyclodextrin.

If the inclusion amount 1s less than 0.06, the pulley effect
may not be exhibited. If the inclusion amount exceeds 0.61,
the cyclodextrins as the cyclic molecules are placed too close
cach other so that the moveability of the cyclodextrin may be
lowered. Additionally, insolubility of the cyclodextrin itself
in the organic solvent 1s strengthened so that the solubility of
the obtained polyrotaxane in the organic solvent may be low-
ered.

Further, 1n the present invention, the molecular weight of
the linear molecule 1s preferably within a range of from 1,000
to 500,000, more preferably within a range of from 10,000 to
300,000, turthermore preferably within a range of from
10,000 to 100,000.

If the molecular weight 1s less than 1,000, the number of the
cyclodextrin modified with the hydrophobic modification
group becomes small so that the solubility 1n the organic
solvent becomes low. Therefore, the solubility of the obtained
hydrophobic modified polyrotaxane in the organic solvent
becomes low, 1n which the solubility 1n the organic solvent
may lower even 1n case that the molecular weight exceeds
500,000.

Such a linear molecule 1s not limited to a particular one, 1n
which the examples of the linear molecule are polyesters such
as polyalkylenes, polycaprolactones and the like, polyethers
such as polyethylene glycol and the like, polyamids, poly-
acrylic acids, and linear molecule having benzene ring.

Such linear molecule 1s particularly preferably polyethyl-
ene glycol, polycaprolactone.

Next, the blocking group may be any group which can
maintain a condition where the linear molecule pierces
through the cyclodextrin constituting the cyclic molecule,
upon being placed at each of the both end terminals of the
linear molecule as discussed above.

Such a group 1s a group having a “bulkiness or a group
having an “1onic character”. Here, “group” means a variety of
groups including a molecule group and a polymer group.

Examples of the group having the “bulkiness™ are a spheri-
cal group and a side wall-shaped group.

Additionally, the 10nic character of the group having the
“1omn1c character” and the 10onic character of the cyclic mol-
ecule are mutually affected, for example, repel each other, so
as to maintain a condition where the linear molecule pierces
through the cyclic molecule.

Concrete examples of such a blocking group are dinitro-
phenyl groups such as 2,4-dinitrophenyl group, 3,5-dinitro-
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phenyl group and the like, cyclodextrins, adamantane groups,
trityl groups, fluoresceins, pyrenes, and derivatives and modi-
fied compounds of these.

Next, a production method of the hydrophobic modified
polyrotaxane of the present invention will be discussed.

The hydrophobic modified polyrotaxane as discussed
above can be obtained by accomplishing a process including
(1) astep of mixing a cyclic molecule and a linear molecule so
that the linear molecule includes the cyclic molecule with
piecing through the opening section of the cyclic molecule,
(2) a step of blocking the both end terminals (the both end
terminals of the linear molecule) of an obtained pseudo-
polyrotaxane with blocking groups so as to make adjustment
to prevent the cyclic molecule from releasing from a piercing,
condition, and (3) a step of modifying a hydroxyl group of
cyclodextrin constituting the cyclic molecule of an obtained
polyrotaxane with a hydrophobic modification group.

The hydrophobic modified polyrotaxane can be obtained
also by using, as a cyclic molecule, a compound 1n which
hydroxyl groups of the cyclodextrin has been previously
modified with hydrophobic modification groups, at the above
step (1). In this case, the above step (3) may be omatted.

By the above production method, the hydrophobic modi-
fied polyrotaxane excellent 1n solubility 1n the organic solvent
as discussed above can be obtained.

The organic solvent 1s not limited to a particular one.
Examples of the organic solvent are esters such as ethyl
acetate, butyl acetate, 1sobutyl acetate and the like, ketones
such as methyl ethyl ketone, methyl 1sobutyl ketone, ethers
such as diethyl ether, dioxane and the like, hydrocarbon sol-
vents such as toluene, xylene, solvesso and the like, and
long-chain alcohols high in hydrophobicity, in which the
hydrophobic modified polyrotaxane of the present invention
exhibits a good solubility 1n a solvent prepared by mixing two
or more kinds of these.

Additionally, even though a solvent contains a slight
amount of a water-like solvent such as water, butyl cellosolve
acetate and/or the like, 1t may be the organic solvent 11 1t can
be considered as a whole to be an organic solvent.

Next, a crosslinked polyrotaxane of the present invention
will be discussed.

The crosslinked polyrotaxane of the present invention 1s
formed by crosslinking the above-mentioned hydrophobic
modified polyrotaxane of the present invention and a poly-
mer, 1n which the polymer 1s combined with the hydrophobic
modified polyrotaxane through the cyclic molecule of the
hydrophobic modified polyrotaxane.

Here, the polymer crosslinked with the hydrophobic modi-
fied polyrotaxane through the cyclic molecule 1s not limited to
a particular one, and preferably has hydroxyl group, amino
group, carboxyl group, epoxy group, vinyl group, thiol group
or a photocrosslinking group, or a group relating to any com-
bination of these.

Examples of the photocrosslinking group are cinnamic
acid, coumarin, chalcone, anthracene, styrylpyridine,
styrylpyridinium salt and styrylquinoline salt and the like.

Additionally, not less than two kinds of the polymers may
be used 1n the present invention. In this case, 1t 1s required that
at least one kind polymer 1s combined with the hydrophobic
modified polyrotaxane through the cyclic molecule.

Further, such a polymer may be a homopolymer or a
copolymer. In case of the copolymer, the copolymer may be
constituted of not less than two kinds of monomers, and may
be any of a block copolymer, an alternating copolymer, a
random copolymer and a grait copolymer.

Concrete examples of such a polymer are polyvinyl alco-
hol, polyvinyl pyrrolidone, poly(meth)acrylic acid, cellulose-
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based resin such as carboxylmethyl cellulose, hydroxyethyl
cellulose, hydroxypropyl cellulose and the like, polyacryl
amide, polyethylene oxide, polyethylene glycol, polypropy-
lene glycol, polyvinyl acetal-based resin, polyvinylmethyl
cther, polyamine, polyethylene imine, casein, gelatin, starch,
and a copolymer of these, polyolefin-based resin such as
polyethylene, polypropylene, and a copolymer resin of these
with other olefin-based monomers, polyester resin, polyvinyl
chloride resin, polystyrene-based resin such as polystyrene,
acrylonitrile-styrene copolymer resin or the like, acrylic resin
such as polymethylmethacrylate, (meth)acrylate ester
copolymer, acrylonitrile-methyl acrylate copolymer or the
like, polycarbonate resin, polyurethane resin, vinyl chloride-
vinyl acetate copolymer resin, polyvinyl butyral resin and a
derivative or a modified compound of these, polyisobutylene,
poytetrahydrofuran, polyaniline, acrylonitrile-butadiene-sty-
rene copolymer (ABS resin), polyamides such as Nylon (reg-
istered trade mark) and the like, polyimides, polydienes such
as polyisoprene, polybutadiene and the like, polysiloxanes
such as polydimethyl siloxane and the like, polysuliones,
polyimines, polyacetic anhydrides, polyureas, polysulfides,
polyphosphazenes, polyketones, polyphenylenes, polyha-
loolefins, and derivatives of these.

The dernvatives preferably have hydroxyl group, amino
group, carboxyl group, epoxy group, vinyl group, thiol group,
or the photocrosslinking group, or a group relating to a com-
bination of these.

In the present invention, the compounding ratio of the
hydrophobic modified polyrotaxane and the above-men-
tioned polymer 1s suitably changed in accordance with appli-
cations and desired physical properties, and can be typically
within a range of from 1/500 to 10/1 1 weight ratio (hydro-
phobic modified polyrotaxane/polymer).

In the crosslinked polyrotaxane of the present mvention,
combining between the cyclic molecule of the polyrotaxane
and the polymer may be made through a chemical bonding
with a functional group or a chemical bonding with a
crosslinking agent.

As the crosslinking agent, one having a molecular weight
of less than 2000, preferably less than 1000, more preferably
less than 600, furthermore preferably less than 400 may be
used.

Concrete examples of such a crosslinking agent are cyanu-
ric chloride, trimethoyl chloride, terephthaloyl chloride,
epichlorohydrin, dibromobenzene, glutaraldehyde, phe-
nylene diisocyanate, tolylene diisocyanate, divinyl sulfone,
1,1'-carbonyl diumidazole, and alkoxy silanes, in which these
are used 1n singly with one kind or in combination of not less
than two kinds in the present invention; however, a detail
discussion will be made after.

As discussed above, the linear molecule constituting the
hydrophobic modified polyrotaxane preferably has a molecu-
lar weight ranging from 1,000 to 500,000; however, the linear
molecule preferably has a molecular weight ranging from
10,000 to 60,000 and more preferably has a molecular weight
ranging from 20,000 to 35,000 particularly in case of the
crosslinked polyrotaxane.

FIG. 1 1s a schematic illustration which conceptually
shows the hydrophobic modified polyrotaxane of the present
invention.

In the same figure, this hydrophobic modified polyrotax-
ane 5 has the linear molecule 6, the cyclodextrin 7 as the
cyclic molecule, and the blocking groups 8 placed at the both
end terminals of the linear molecule 6, in which the linear
molecule 6 includes the cyclic molecule 7 with piercing
through the opening section of the cyclic molecule 7. The
cyclodextrin 7 has the hydrophobic modification groups 7a.
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FIG. 2 1s a schematic illustration which conceptually
shows the crosslinked polyrotaxane of the present invention.

In the same figure, the crosslinked polyrotaxane 1 has the
polymer 3 and the hydrophobic modified polyrotaxane 5. The
hydrophobic modified polyrotaxane 5 has the linear molecule
6, the cyclodextrin 7 as the cyclic molecule, and the blocking
groups 8 placed at the both end terminals of the linear mol-
ecule 6, 1n which the linear molecule 6 includes the cyclo-
dextrin as the cyclic molecule with piercing through the open-
ing section ol the cyclic molecule 7. This hydrophobic
modified polyrotaxane 5 1s combined at crosslinking points 9
with the polymer 3 and the polymer 3' through the cyclodex-
trins 7.

The cyclodextrin 7 has the hydrophobic modification
groups 7a though not shown.

When a deformation stress 1n a direction of arrows X-X' at
an (A) section 1 FIG. 2 1s loaded to the crosslinked polyro-
taxane having such a configuration, the crosslinked polyro-
taxane 1 can deform as indicated at a (B) section i FIG. 2
thereby absorbing this stress.

In other words, as shown in the (B) section 1n FIG. 2, the
cyclodextrin as the cyclic molecule 1s movable along the
linear molecule 6 under the pulley effect, and therefore the
crosslinked polyrotaxane can absorb the above-mentioned
stress thereinside.

Thus, the crosslinked polyrotaxane has the pulley effect as
shown 1n the figure, and therefore has excellent elasticity,
viscoelasticity and mechanical properties as compared with
conventional gel-like matenals.

Additionally, the hydrophobic modified polyrotaxane of
the present invention as a precursor of this crosslinked poly-
rotaxane 1s improved 1n solubility 1n the organic solvent, and
therefore 1ts crosslinking or the like in the organic solvent 1s
readily made.

Accordingly, the crosslinked polyrotaxane of the present
invention can be readily obtained under a condition where
water or the water-like solvent exists. Particularly, the
crosslinked polyrotaxane can be readily produced by
crosslinking the hydrophobic modified polyrotaxane of the
present invention with the polymer which 1s soluble 1n water
or the water-like solvent.

In other words, the crosslinked polyrotaxane of the present
invention 1s extended 1n 1ts application range and applicable,
for example, to paint or adhesive using a coating film polymer
which 1s soluble 1n water or the water-like solvent, particu-
larly paint, resin base material and adhesive for automotive
vehicles requiring a car-washing resistance, a scratching
resistance, a chipping resistance, an impact resistance and a
weather resistance, and also to paint, resin base material and
the like for home electric appliances, 1n which the excellent
pulley effect can be exhibited 1n such applications.

From the other viewpoints, the crosslinked polyrotaxane of
the present invention 1s formed as a composite of the above-
mentioned polymer and the hydrophobic modified polyrotax-
ane without degrading the physical properties of the polymer
which 1s a crosslinking object of the hydrophobic modified
polyrotaxane.

Accordingly, according to the below-discussed production
method of the crosslinked polyrotaxane of the present inven-
tion, not only a material having both the physical properties of
the above-mentioned polymer and the physical properties of
the hydrophobic modified polyrotaxane itself can be
obtained, but also a water-soluble material having a desired
mechanical strength, particularly a gel-like material can be
obtained by selecting kinds of the polymer.

Next, a production method of the crosslinked polyrotaxane
of the present invention will be discussed.
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This crosslinked polyrotaxane can be produced first by
producing the hydrophobic modified polyrotaxane as dis-
cussed above, and (a) mixing the obtained hydrophobic modi-
fied polyrotaxane with the polymer, (b) physically and/or
chemically making crosslinking of at least a part of the poly-
mer, and (¢) combining the at least a part of the polymer and
the polyrotaxane through the cyclic molecule.

The hydrophobic modified polyrotaxane of the present
invention 1s soluble 1n the organic solvent, and therefore the
steps (a) to (¢) can be smoothly carried out in the organic
solvent.

At the step (b), a chemical crosslinking 1s preferably made
and carried out by the crosslinking agent as discussed above.
Additionally, the step (b) and the step (¢) may be almost
simultaneously carried out.

The mixing step at the step (a) can be carried out without a
solvent or 1n a solvent, depending on the polymer. The useable
solvents are not limited to particular ones; however, examples
of the solvents are water, toluene, xylene, benzene, anisole,
cyclohexane, N-methylpyrrolidone, dimethyl formamide,
dimethyl acetoamide, methyl ethyl ketone, chloroform,
dichloromethane, carbon tetrachloride, hexatluoro 1sopropy-
lalcohol, tetrahydraturan, dioxane, acetone, ethyl acetate,
dimethyl sulfoxide, acetonitrile, and the like.

The crosslinking step at the step (b) may be carried out
under conventional and known crosslinking conditions,
depending on the polymer to be used.

For example, (1) 1n case that the polymer has an active
group substituent such as epoxy group, a crosslinking reac-
tion may take place under heating or in presence of active
hydrogen such as that in amine or acid anhydride. Addition-
ally, the crosslinking reaction can take place under light irra-
diation 1n presence of a photoacid generator or a photobase
generator.

(11) In case that the polymer has an unsaturated double bond
such as a vinyl group, the crosslinking reaction can take place
under heating or light 1wrradiation i presence of heat or a
photoradical generator.

(111) In case that the polymer has the above-mentioned
photocrosslinking group, the crosslinking reaction can take
place under heating or light 1rradiation.

(1v) In case that the polymer has a hydroxyl group, an
amino group, a carboxyl group and the like, the crosslinking
reaction can take place 1n presence of multi-substituted 1so-
cyanates, carbodiimides, triazines or silanes.

(v) In case that the polymer has no group, the crosslinking
reaction can take place under electron beam 1rradiation.

The combining step at the step (c) 1s carried out under a
chemical reaction of the groups at the main chain and/or the
side chain of the polymer, for example, hydroxyl group,
amino group, carboxyl group, epoxy group, vinyl group, thiol
group, photocrosslinking group and the like, with the group in
the cyclic molecule, for example, hydroxyl group, amino
group, carboxyl group, epoxy group, vinyl group, thiol group,
photocrosslinking group and the like.

Although the condition of this combining step 1s aifected
by the groups of the polymer, the groups of the cyclic mol-
ecule and the like, the above-mentioned cross-lining condi-
tions can be applied.

The crosslinked polyrotaxane of the present invention can
be produced even by obtaining the polymer from the corre-
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sponding monomer and by using the obtained polymer, in the
above-mentioned production method.

EXAMPL

L1

Hereaftter, the present invention will be further discussed
with reference to some examples; however, the present inven-
tion 1s not limited to these examples.

Example 1

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 5000) 1n an
amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-1-
piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand in a freezer (—4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid in an
amount of 3 g and 12 g of a-cyclodextrin (a.-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a refrigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Amount Reduction of ¢.-CD and Blocking of the Inclu-
sion Complex using Adamantane Amine and BOP Reagent
Reaction System

The above-mentioned prepared inclusion complex 1n an
amount of 14 g was dispersed 1n a mixture solvent of dimeth-
ylformamide/dimethylsulioxide (DME/DMSO) (75/25 1
volume ratio).

On the one hand, 3 g of benzotirazole-1-yl-oxy-tris(dim-
cthylamino)phosphonium  hexafluorophosphate  (BOP
reagent), 1 g of 1-hydroxybenzotriazole (HOBt), 1.4 g of
adamantane amine and 1.25 ml of disopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. This solution was added to the above-mentioned
prepared dispersion solution and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume rati0) was added, and then 1t was mixed and centri-
fuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
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tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydroxylpropylation of Hydroxyl Groups of Cyclo-
dextrin

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1 50 ml of 1 mol/l aqueous solution
of NaOH, followed by addition of 3.83 g (66 mmol) of pro-
pylene oxide. Then, 1t was stirred overnight 1n an atmosphere
of argon at room temperature. Then, 1t was neutralized with 1
mol/l aqueous solution of HCI, and dialyzed by a dialysis
tube. Thereafter, 1t was lyophilized and recovered.

(5) Hydrophobic Group Modification of Polyrotaxane

To 500 mg of the above-mentioned prepared hydroxylpro-
pylated polyrotaxane, 10 ml of f-caprolactone drnied by a
molecular sieve was added and stirred at the room tempera-
ture for 30 minutes so as to be infiltrated. Then, 0.2 ml of tin
2-ethylhexanoate was added, and then a reaction was carried
out at 100° C. for 1 hour.

After completion of the reaction, a sample was dissolved in
50 ml of toluene and dropped 1nto 450 ml of stirred hexane so
as to be precipitated, recovered and dried, thereby obtaining a
hydrophobic modified polyrotaxane of this Example.

The obtamned hydrophobic modified polyrotaxane was
identified with 'H-NMR and GPC thereby confirming that it
was a desired polyrotaxane. Here, the inclusion amount of
a.-CD was 0.06, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 2

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 5000) i an
amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-1-
piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlornite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chlonde was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and a-CD

The above-mentioned prepared PEG-carboxvlic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand in a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent 1n amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diusopropylethyl amine
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were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
s1ion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
fuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped 1nto 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydroxylpropylation of Hydroxyl Groups of Cyclo-
dextrin

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1n 50 ml of 1 mol/l aqueous solution
of NaOH, followed by addition of 3.83 g (66 mmol) of pro-
pylene oxide. Then, 1t was stirred overnight 1n an atmosphere
of argon at room temperature. Then, 1t was neutralized with 1
mol/l aqueous solution of HCI, and dialyzed by a dialysis
tube. Thereafter, 1t was lyophilized and recovered.

(5) Hydrophobic Group Modification of Polyrotaxane

To 500 mg of the above-mentioned prepared hydroxylpro-
pylated polyrotaxane, 10 ml of e-caprolactone dried by a
molecular sieve was added and stirred at the room tempera-
ture for 30 minutes so as to be infiltrated. Then, 0.2 ml of tin
2-ethylhexanoate was added, and then a reaction was carried
out at 100° C. for 1 hour.

After completion of the reaction, a sample was dissolved 1n
50 ml of toluene and dropped 1nto 450 ml of stirred hexane so
as to be precipitated, recovered and dried, thereby obtaining a
hydrophobic modified polyrotaxane of this Example.

The obtained hydrophobic modified polyrotaxane was
identified with 'H-NMR and GPC thereby confirming that it
was a desired polyrotaxane. Here, the inclusion amount of
a.-CD was 0.61, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 3

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 100,000) 1n
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -pipenidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount ol 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1mn warm ethanol and then
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allowed to stand in a freezer (—4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and a-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand in a reirigerator (4° C.) overnight.
Then, an 1nclusion complex precipitated 1n a cream-state was

lyophilized and recovered.
(3) Amount Reduction of a.-CD and Blocking of the Inclu-

sion Complex using Adamantane Amine and BOP Reagent
Reaction System
The above-mentioned prepared inclusion complex 1n an

amount of 14 g was dispersed in a mixture solvent of dimeth-
ylformamide/dimethylsulioxide (DME/DMSQO) (75/25 1n
volume ratio).

On the one hand, 3 g of benzotirazole-1-yl-oxy-tris(dim-
cthylamino)phosphomium  hexafluorophosphate  (BOP
reagent), 1 g of 1-hydroxybenzotriazole (HOBt), 1.4 g of
adamantane amine and 1.25 ml of diusopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. This solution was added to the above-mentioned
prepared dispersion solution and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DME/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped 1nto 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydroxylpropylation of Hydroxyl Groups of Cyclo-
dextrin

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1n 50 ml of 1 mol/l aqueous solution
of NaOH, followed by addition of 3.83 g (66 mmol) of pro-
pylene oxide. Then, 1t was stirred overnight 1n an atmosphere
of argon at room temperature. Then, 1t was neutralized with 1
mol/l aqueous solution of HCI, and dialyzed by a dialysis
tube. Thereatter, 1t was lyophilized and recovered.

(5) Hydrophobic Group Modification of Polyrotaxane

To 500 mg of the above-mentioned prepared hydroxylpro-
pylated polyrotaxane, 10 ml of e-caprolactone dried by a
molecular sieve was added and stirred at the room tempera-
ture for 30 minutes so as to be infiltrated. Then, 0.2 ml of tin
2-ethylhexanoate was added, and then a reaction was carried
out at 100° C. for 1 hour.

After completion of the reaction, a sample was dissolved 1n
50 ml of toluene and dropped 1nto 450 ml of stirred hexane so
as to be precipitated, recovered and dried, thereby obtaining a
hydrophobic modified polyrotaxane of this Example.
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The obtained hydrophobic modified polyrotaxane was
identified with 'H-NMR and GPC thereby confirming that it

was a desired polyrotaxane. Here, the inclusion amount of
a.-CD was 0.06, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 4

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 100,000) 1n
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -pipenidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of S ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1mn warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and a-CD

The above-mentioned prepared PEG-carboxylic acid in an
amount of 3 g and 12 g of a-cyclodextrin (a.-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a refrigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in an amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diuisopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter 1t was dissolved 1n 50 ml of DMSO, upon
which an obtained transparent solution was dropped 1nto 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydroxylpropylation of Hydroxyl Groups of Cyclo-
dextrin

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1n 50 ml of 1 mol/l aqueous solution
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of NaOH, followed by addition of 3.83 g (66 mmol) of pro-
pylene oxide. Then, 1t was stirred overnight 1n an atmosphere
of argon at room temperature. Then, 1t was neutralized with 1
mol/l aqueous solution of HCI, and dialyzed by a dialysis
tube. Thereatter, 1t was lyophilized and recovered.

(5) Hydrophobic Group Modification of Polyrotaxane

To 500 mg of the above-mentioned prepared hydroxylpro-
pylated polyrotaxane, 10 ml of e-caprolactone dried by a
molecular sieve was added and stirred at the room tempera-
ture for 30 minutes so as to be infiltrated. Then, 0.2 ml of tin
2-ethylhexanoate was added, and then a reaction was carried
out at 100° C. for 1 hour.

After completion of the reaction, a sample was dissolved 1n
50 ml of toluene and dropped 1nto 450 ml of stirred hexane so
as to be precipitated, recovered and dried, thereby obtaining a
hydrophobic modified polyrotaxane of this Example.

The obtammed hydrophobic modified polyrotaxane was
identified with "H-NMR and GPC thereby confirming that it
was a desired polyrotaxane. Here, the inclusion amount of
a.-CD was 0.61, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 5

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 35,000) in
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) i amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlornite, ethanol was added to an
extent ol 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chlonde was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted by an evaporator. Then, the compo-
nents were dissolved in warm ethanol and then allowed to
stand 1n a freezer (-4° C.) overnight thereby extracting only
PEG-carboxylic acid, followed by recovering and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved i 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in amount of 3 g, 1 g of HOB{t, 1.4 g of
adamantane amine and 1.25 ml of diisopropylethyl amine
were dissolved in this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
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repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar

centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydroxylpropylation of Hydroxyl Groups of Cyclo-
dextrin

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1n 50 ml of 1 mol/l aqueous solution
of NaOH, followed by addition of 3.83 g (66 mmol) of pro-
pylene oxide. Then, 1t was stirred overnight 1n an atmosphere
of argon at room temperature. Then, 1t was neutralized with 1
mol/l aqueous solution of HCI, and dialyzed by a dialysis
tube. Thereatter, 1t was lyophilized and recovered.

(5) Hydrophobic Group Modification of Polyrotaxane

To 500 mg of the above-mentioned prepared hydroxylpro-
pylated polyrotaxane, 10 ml of e-caprolactone dried by a
molecular sieve was added and stirred at the room tempera-
ture for 30 minutes so as to be infiltrated. Then, 0.2 ml of tin
2-ethylhexanoate was added, and then a reaction was carried
out at 100° C. for 1 hour.

After completion of the reaction, a sample was dissolved 1n
50 ml of toluene and dropped mnto 450 ml of stirred hexane so
as to be precipitated, recovered and dried, thereby obtaining a
hydrophobic modified polyrotaxane of this Example.

The obtamned hydrophobic modified polyrotaxane was
identified with 'H-NMR and GPC thereby confirming that it
was a desired polyrotaxane. Here, the inclusion amount of
a.-CD was 0.61, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 6

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 35,000) 1n
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand in a freezer (—4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid in an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
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being allowed to stand in a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was

lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent 1n amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diuisopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
s1ion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DME/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped 1nto 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydrophobic Group Modification of Polyrotaxane

Hexamethylene diisocyanate was combined with polyeth-
yleneglycol monostearic acid ester (produced by TCI com-
pany) intoluene. Thereafter, 15 g of1socyanated polyethylene
glycol monostearic acid ester obtained upon purification of
recrystallization with ether was reacted with 500 mg of the
above-mentioned polyrotaxane prepared upon being dis-
solved 1n DMSO, overmight at the room temperature. There-
after, recrystallization with ether and drying were carried out
to accomplish a recovery. Here, the inclusion amount of
a.-CD was 0.61, and the modification degree with hydropho-
bic modification groups was 0.02.

Example 7

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 35,000) in
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1in 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) i amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a.-CD) were
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respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand i a refrigerator (4° C.) overnight.
Then, an 1nclusion complex precipitated 1n a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diusopropylethyl amine
were dissolved 1 this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
s1on complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
fuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydrophobic Group Modification of Polyrotaxane

The above-mentioned prepared polyrotaxane in an amount
of 500 mg was dissolved 1n 20 ml of DMSO, and then 100 pl
of dibutyltin dilaurate and 2.38 g (20 mmol) of phenyl 1socy-
anate were added, followed by stirring overnight at the room
temperature and 1n the atmosphere of argon. Excessive phe-
nyl isocyanate was reacted with absolute ethanol or methanol,
and cast mto methanol so as to accomplish precipitation.
Then, a centrifugation and a vacuum-drying were carried out
to accomplish a recovery. Then, after dissolving 1n THF was
again made, a precipitation with methanol was made to
accomplish a recovery. Here, the inclusion amount of a.-CD

was 0.61, and the modification degree with hydrophobic
modification groups was 0.02.

Example 8

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 35,000) 1n
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -pipenidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount ol 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1mn warm ethanol and then
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allowed to stand in a freezer (—4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (0.-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand in a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent 1n amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diuisopropylethyl amine
were dissolved in this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume rati0) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMFE/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved mm 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydrophobic Group Modification of Polyrotaxane

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1 20 ml of DMSO, and then 10
mmol of hexamethyl disilane (HMDS) was added. After stir-
ring at 50° C. for 4 hours, 20 mol of toluene or THF was
added, and turther stirring was made overnight. Then, a pre-
cipitation with water was carried out, followed by a suction-
filtering and a centrifugation thereby accomplishing a recov-
ery. Here, the mclusion amount of a-CD was 0.61, and the

modification degree with hydrophobic modification groups
was 0.02.

Example 9

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 35,000) in
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) i amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent ol 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chlonde was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled

10

15

20

25

30

35

40

45

50

55

60

65

20

out from the extracted components by an evaporator. Then,
the components were dissolved 1mn warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-

boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a.-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a refrigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diuisopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMFEF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Hydrophobic Group Modification of Polyrotaxane

Hexamethylene diisocyanate was combined with
monomethoxy polyethylene glycol (Mw=1100) 1n toluene.
Thereatfter, 13 g of isocyanated monoethoxy polyethylene
glycol obtained upon purification of recrystallization with
cther was reacted with 1 g of the above-mentioned polyrotax-
ane prepared upon being dissolved in DM SO, overnight at the
room temperature. Thereafter, recrystallization with ether
and drying were carried out to accomplish a recovery. Here,
the inclusion amount of a-CD was 0.61, and the modification
degree with hydrophobic modification groups was 0.02.

Comparative Example 1

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 5000) 1n an
amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-1-
piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.
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An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than

inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and a-CD

The above-mentioned prepared PEG-carboxvlic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Amount Reduction of a.-CD and Blocking of the Inclu-
sion Complex using Adamantane Amine and BOP Reagent
Reaction System

The above-mentioned prepared inclusion complex 1n an
amount of 14 g was dispersed in a mixture solvent of dimeth-
ylformamide/dimethylsulioxide (DME/DMSQO) (75/25 1n
volume ratio).

On the one hand, 3 g of benzotirazole-1-yl-oxy-tris(dim-
cthylamino)phosphomium  hexafluorophosphate  (BOP
reagent), 1 g of 1-hydroxybenzotriazole (HOBt), 1.4 g of
adamantane amine and 1.25 ml of diusopropylethyl amine
were dissolved in this order 1n 10 ml of DMF at room tem-
perature. This solution was added to the above-mentioned
prepared dispersion solution and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume rati0) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved m 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining a purified poly-
rotaxane of this Example.

The obtained polyrotaxane was identified with "H-NMR
and GPC thereby confirming that it was a desired polyrotax-
ane. Here, the 1inclusion amount of a.-CD was 0.06.

Comparative Example 2

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 5000) 1n an
amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-1-
piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1in 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) i amount of 5 ml was added and stirred at
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room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
iorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1in warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (oa-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a refrigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of dusopropylethyl amine
were dissolved 1 this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
fuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMFEF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining a purified poly-
rotaxane of this Example.

The obtained polyrotaxane was identified with 'H-NMR
and GPC thereby confirming that it was a desired polyrotax-
ane. Here, the inclusion amount of a-CD was 0.61.

Comparative Example 3

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG
Polyethylene glycol (PEG)(molecular weight: 100,000) 1n

an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.
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An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxyvlic acid 1in an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved i 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand in a reirigerator (4° C.) overnight.
Then, an 1nclusion complex precipitated 1n a cream-state was

lyophilized and recovered.
(3) Amount Reduction of a.-CD and Blocking of the Inclu-

sion Complex using Adamantane Amine and BOP Reagent
Reaction System

The above-mentioned prepared inclusion complex 1n an
amount of 14 g was dispersed in a mixture solvent of dimeth-
ylformamide/dimethylsulioxide (DME/DMSQO) (75/25 1n
volume ratio).

On the one hand, 3 g of benzotirazole-1-yl-oxy-tris(dim-
cthylamino)phosphomium  hexafluorophosphate  (BOP
reagent), 1 g of 1-hydroxybenzotriazole (HOBt), 1.4 g of
adamantane amine and 1.25 ml of diuisopropylethyl amine
were dissolved in this order 1n 10 ml of DMF at room tem-
perature. This solution was added to the above-mentioned
prepared dispersion solution and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,

and thereafter it was dissolved m 50 ml of DMSO, upon
which an obtained transparent solution was dropped 1nto 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining a purified poly-
rotaxane of this Example. The obtained polyrotaxane was
identified with 'H-NMR and GPC thereby confirming that it
was a desired polyrotaxane. Here, the inclusion amount of
a-CD was 0.06.

Comparative Example 4

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 100,000) in
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -piperidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
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mercially available sodium hypochlorite (available chlorine

concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.
An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chlornide was distilled

out from the extracted components by an evaporator. Then,
the components were dissolved i warm ethanol and then
allowed to stand in a freezer (—4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-

boxylic Acid and o.-CD
The above-mentioned prepared PEG-carboxylic acid in an

amount of 3 g and 12 g of a-cyclodextrin (a.-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a refrigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent 1n an amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of disopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
s1on complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMFEF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar

centrifugation.
An obtained precipitate was dried under a vacuum-drying,

and thereafter 1t was dissolved 1n 50 ml of DMSQO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining a purified poly-
rotaxane of this Example.

The obtained polyrotaxane was identified with "H-NMR
and GPC thereby confirming that it was a desired polyrotax-
ane. Here, the inclusion amount of a-CD was 0.61.

Comparative Example 5

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG)(molecular weight: 35,000) 1n
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
1 -pipenidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
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concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent of 5 ml 1n maximum so as to terminate the reaction.

An extraction using 50 ml of methylene chloride was
repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled

out from the extracted components by an evaporator. Then,
the components were dissolved 1n warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and a-CD

The above-mentioned prepared PEG-carboxvlic acid 1n an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand 1n a reirigerator (4° C.) overnight.
Then, an inclusion complex precipitated in a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent 1n amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of diusopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above-mentioned prepared inclu-
sion complex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
crator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 in
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMFE/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle including dissolving in DMSO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Modification of Polyrotaxane

The above-mentioned prepared polyrotaxane 1n an amount
of 500 mg was dissolved 1n 30 ml of DMSO, and then a
solution prepared by dissolving 733 mg (6 mmol) of 4-dim-
cthylamino pyridine in 30 ml of DMSO was added, followed
by stirring overnight at the room temperature and in the
atmosphere of argon. A dispersion liquid whose precipitation
was made with water was dialyzed, and filtered or centrifuged
to accomplish a recovery. Here, the inclusion amount of
a.-CD was 0.61, and the modification degree with hydropho-
bic modification groups was 0.02.

Comparative Example 6

(1) Preparation of PEG-carboxylic Acid by TEMPO Oxi-
dation of PEG

Polyethylene glycol (PEG) (molecular weight: 3,5000) in
an amount of 10 g, 100 mg of TEMPO (2,2,6,6-tetramethyl-
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1 -pipenidinyl-oxy radical) and 1 g of sodium bromide were
dissolved 1n 100 ml of water. An aqueous solution of com-
mercially available sodium hypochlorite (available chlorine
concentration: 5%) in amount of 5 ml was added and stirred at
room temperature for 10 minutes. In order to decompose
excessive sodium hypochlorite, ethanol was added to an
extent ol 5 ml 1n maximum so as to terminate the reaction.
An extraction using 50 ml of methylene chloride was

repeated three times thereby to extract components other than
inorganic salts. Thereafter, methylene chloride was distilled
out from the extracted components by an evaporator. Then,
the components were dissolved 1in warm ethanol and then
allowed to stand 1n a freezer (-4° C.) overnight thereby
extracting only PEG-carboxylic acid, followed by recovering
and drying.

(2) Preparation of Inclusion Complex by using PEG-car-
boxylic Acid and o.-CD

The above-mentioned prepared PEG-carboxylic acid in an
amount of 3 g and 12 g of a-cyclodextrin (a-CD) were
respectively dissolved 1n 50 ml of 70° C. warm water and 50
ml of 70° C. warm water which were respectively prepared,
upon which they were mixed and well stirred, followed by
being allowed to stand in a refrigerator (4° C.) overnight.
Then, an 1nclusion complex precipitated 1n a cream-state was
lyophilized and recovered.

(3) Blocking of the Inclusion Complex using Adamantane
Amine and BOP Reagent Reaction System

BOP reagent in amount of 3 g, 1 g of HOBt, 1.4 g of
adamantane amine and 1.25 ml of dusopropylethyl amine
were dissolved 1n this order 1n 10 ml of DMF at room tem-
perature. To this, 14 g of the above prepared inclusion com-
plex was added, and quickly shaken to be mixed.

A sample 1n a slurry state was allowed to stand 1n a refrig-
erator (4° C.) overnight. After being allowed to stand over-
night, 50 ml of a mixture solvent of DMF/methanol (1/1 1n
volume ratio) was added, and then 1t was mixed and centri-
tuged, followed by discarding a supernatant. Washing with
the above-mentioned mixture solvent of DMF/methanol was
repeated two times, and thereafter washing with 100 ml of
methanol was further repeated two times under a similar
centrifugation.

An obtained precipitate was dried under a vacuum-drying,
and thereafter it was dissolved 1 50 ml of DMSO, upon
which an obtained transparent solution was dropped into 700
ml of water thereby precipitating polyrotaxane. The precipi-
tated polyrotaxane was recovered by a centrifugation, and
then vacuum-dried or lyophilized.

A cycle mcluding dissolving in DMSQO, precipitation 1n
water, recovery and drying, as above-mentioned, was
repeated two times, thereby finally obtaining purified poly-
rotaxane.

(4) Modification of Polyrotaxane

A nitrified mixed acid (prepared by mixing 10 g of fuming
nitric acid and 4.4 g of diphosphorous pentoxide) was added
to 500 mg of the above-mentioned prepared polyrotaxane,
and stirring was made for 5 to 20 minutes under ice-cooling.
A suction-filtering was made to accomplish a recovery, and
then an air-drying was made after a thorough washing with
water, thereby accomplishing a recovery. Here, the inclusion
amount of a-CD was 0.61, and the modification degree with
hydrophobic modification groups was 0.02

The characteristics of the above-mentioned hydrophobic
modified polyrotaxanes and polyrotaxanes ol respective
Examples are shown in Table 1.
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TABLE 1
EXAMPLE
1 2 3 4 D 6 7 8
MOLECULAR WEIGHT OF PEG (x10?%) S 5 100 100 35 35 35 35
INCLUSION AMOUNT OF CD 0.06 0.61 0.06 0.61 0.61 0.61 0.61 0.61
HYDROPHILIC MODIFICATION GROUP PCL PEG-OCO—C,-H,s —CONH—C.H, —Si(Me),
(SURFACTANT)
HYDROPHILIC MODIFICATION GROUP 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
MODIFICATION DEGREE
SOLUBILITY IN TOLUENE © © © © © © O O
SOLUBILITY IN ETHYL ACETATE @ © © @ © G O O
SOLUBILITY IN ACETONE © © © © © © O O
EXAMPLE COMPARATIVE EXAMPLE
9 1 2 3 4 5 6
MOLECULAR WEIGHT OF PEG (x10?) 35 S 5 100 100 35 35
INCLUSION AMOUNT OF CD 0.61 0.06 0.6l 0.06 0.61 0.61 0.61
HYDROPHILIC MODIFICATION GROUP PEG - - - - —COCH; —NO,
HYDROPHILIC MODIFICATION GROUP 0.02 0 0 0 0 0.02 0.02
MODIFICATION DEGREE
SOLUBILITY IN TOLUENE O X X X X X X
SOLUBILITY IN ETHYL ACETATE O X X X X X X
SOLUBILITY IN ACETONE O X X X X X A
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|Performance Evaluation] 8 blocking group

(Solubility Test)

The solubility of the hydrophobic modified polyrotaxanes
and polyrotaxanes of the above-mentioned respective
Examples 1n organic solvents were examined under condi-
tions mentioned below. Obtained results are shown in FIG. 1,
together with them.

In Table 1, “®” indicates the fact that not less than 0.75 g
was dissolved; “(O indicates the fact that not less than 0.25 g
and less than 0.75 g was dissolved; “A” indicates the fact that
less than 0.25 g was dissolved; and “X” indicates insolubility.

(Test Conditions)

Each organic solvent 1n an amount of 10 g was warmed to
50°C., and then 1 g of the polyrotaxane of each Example was
gradually added to this thereby examining a solubility.

As apparent from Table 1, the hydrophobic modified poly-
rotaxanes of Examples 1 to 4 within the scope of the present
invention are soluble 1n the organic solvents such as toluene
and ethyl acetate; however, 1t will be understood that the
polyrotaxanes of Comparative Examples 1 to 4 are inferior in
solubility 1n these.

Therefore, the hydrophobic modified polyrotaxanes of
Examples 1 to 4 are applicable to a paint using a coating film
polymer soluble 1n the organic solvent, an adhesive, a fat and

o1l and the like.

BRIEF DESCRIPTION OF DRAWINGS

[FIG. 1] A schematic 1llustration conceptually showing a
hydrophobic modified polyrotaxane of the present mnvention.

[FI1G. 2] A schematic 1llustration conceptually showing a
cross-liked polyrotaxane of the present invention.

EXPLANATION OF REFERENCE NUMERALS

1 crosslinked polyrotaxane

3, 3' polymer

5 hydrophobic modified polyrotaxane
6 linear molecule

7 cyclic molecule (cyclodextrin)
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9 crosslinking point

The mvention claimed 1s:

1. A hydrophobic modified polyrotaxane comprising a
cyclic molecule, a linear molecule piercing through the cyclic
molecule, and blocking groups which are placed at both end
terminals of the linear molecule to prevent the cyclic mol-
ecule from leaving from the linear molecule,

wherein the cyclic molecule 1s cyclodextrin, and at least a

part of hydroxyl groups in the cyclodextrin 1s modified
with hydrophobic modification groups, each of the
hydrophobic modification groups having (—CO(CH,).
OH) group from caprolactone.

2. A hydrophobic modified polyrotaxane comprising a
cyclic molecule, a linear molecule piercing through the cyclic
molecule, and blocking groups which are placed at both end
terminals of the linear molecule to prevent the cyclic mol-
ecule from leaving from the linear molecule,

wherein the cyclic molecule 1s cyclodextrin, and at least a

part of hydroxyl groups 1n the cyclodextrin 1s modified
with hydrophobic modification groups, each of the
hydrophobic modification groups having (—CO(CH, )+
OH) group from caprolactone, linked to (—O—C H,—
O—) group from propylene oxide.

3. A hydrophobic modified polyrotaxane as claimed 1n
claim 2, wherein a modification degree of the cyclodextrin
with the hydrophobic modification group 1s not less than 0.02
relative to 1 which 1s the maximum number of the hydroxyl
groups of the cyclodextrin which hydroxyl groups are capable
of being modified.

4. A hydrophobic modified polyrotaxane as claimed 1n
claim 2, wherein the cyclodextrin 1s at least one selected from

the group consisting of c-cyclodextrin, p-cyclodextrin, and
v-cyclodextrin.
5. A hydrophobic modified polyrotaxane as claimed 1n

claim 2, wherein the cyclodextrin has an inclusion amount
ranging from 0.06 to 0.61 relative to 1 which 1s the maximum
inclusion amount of the cyclodextrin capable of being
included by the linear molecule.
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6. A hydrophobic modified polyrotaxane as claimed 1n
claim 2, wherein the linear molecule has a molecular weight
ranging from 1,000 to 500,000.

7. A hydrophobic modified polyrotaxane as claimed in
claim 2, wherein the linear molecule 1s at least one selected
from the group consisting of polyethylene glycol and poly-
caprolactone.

8. A hydrophobic modified polyrotaxane as claimed in
claim 2, wherein the hydrophobic modified polyrotaxane 1s
soluble 1n an organic solvent.

9. A crosslinked polyrotaxane formed by combining the
hydrophobic modified polyrotaxane as claimed 1n claim 2 and
a polymer through the cyclic molecule.

10. A solution comprising a modified polyrotaxane and an
organic solvent,

wherein the modified polyrotaxane comprising a cyclic

molecule, a linear molecule piercing through the cyclic
molecule, and blocking groups which are placed at both
end terminals of the linear molecule to prevent the cyclic
molecule from leaving from the linear molecule,

wherein the cyclic molecule 1s cyclodextrin, and at least a

part of hydroxyl groups in the cyclodextrin 1s modified
with hydrophobic modification groups, each of the
hydrophobic modification groups having (—CO(CH, )
OH) group from caprolactone.
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11. A solution comprising a modified polyrotaxane and an
organic solvent,

wherein the modified polyrotaxane comprising a cyclic

molecule, a linear molecule piercing through the cyclic
molecule, and blocking groups which are placed at both
end terminals of the linear molecule to prevent the cyclic
molecule from leaving from the linear molecule,

wherein the cyclic molecule 1s cyclodextrin, and at least a

part of hydroxyl groups in the cyclodextrin 1s modified
with hydrophobic modification groups, each of the
hydrophobic modification groups having (—CO(CH, )
OH) group from caprolactone, linked to (—O—C H,—
O—) group from propylene oxide.

12. A solution as claimed 1n claim 11, wherein the organic
solvent 1s at least one selected from the group consisting of
esters, ketones, ethers, hydrocarbon solvents and long-chain
alcohols.

13. A solution as claimed 1n claim 11, wherein the organic
solvent 1s at least one selected from the group consisting of
cthyl acetate, butyl acetate, 1sobutyl acetate, methyl ethyl
ketone, methyl 1sobutyl ketone, diethyl ether, dioxane, tolu-
ene and xylene.

14. A solution as claimed 1n claim 11, wherein the organic
solvent 1s at least one selected from the group consisting of
cthyl acetate and toluene.

% o *H % x
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